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20 3 29,000 §1 

OS 0 SI 

0 2 OS! 
13 m 525,000 S 

554,000 SI 

1. fi2f/H- 9AII/H(£S)_1S 



21-2 



1020020086875 #^ 2003/5/27 

[-fi-9j=] 

-i^* ^-fr*>^ -H£-*> 31 ol-g-^V efl^iB s^l-* ^t-Vtf. # 




■fr7l7> *)l7i£U 7V=4^7l7> ^^S)<H ^ Jl«-7>^ ^^ofl ^ -§-«fl^l=f. 

[AflO]c>|] 

Bi layer ^1^^, A o VJ f SS^l^iB 
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^3^* ^-n-*>^ #3M3 9? °1# ol-g-^V Efl7]AE a^#{A photosensitive 

polymer containing silicon and resist compositions using the same} 

-H£7 r ^ ol-g-^V e^l^H S^l-^l ^ 3 AS, ^ ^ 

#51*11 7l?]r 7 | #7>^-ofl oj-ej- Msl^n^ ^ofl oio^Ai ^Hltr 3fl€ 

^^o] iL^t}-. d^o] i7l7>(Giga) ^ ^HH^ 7l#^ DUVU=248nm) 

KrF^H ^M^iLt} ^^-<y ArF 3]*H *i U=193nm)^h£r F2(157nm) 31 

ZL^uj-, ol^*V ^tfl ArF ^ F2 7l^ i-1 ine(365nm) SE^r KrF 

efl^jEofl wl^fl *fl£.3 ^i«fl>H ^Tfl ^wM^« *11S*Rr31 ^&|7 r *l §. 

*H3-i~8: vflS*>JL 5USi^r. ?H ^ (pattern collapse) « 

# ^ £-*H*°l ^3^>7fl Efl^£)i£Ai Afl^o. ^ -fi-^Tfl Sl&cf. 

^w>^ II El^n^ ^ofl^ SLR( single- layer resist)^ BLR(bi-layer 

resist) SJti./sLR^A-]^ s r uf^ SI^1±e| a}^**^ AS Bfl^^«V^ 
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(top-photoresist,TPR)« * r 3lS. ^^fV ^, a};*} ^zj-^j o.s sfl 
^ISsil^liB oil- ol-g-§>al Spf *]--§- 3rflE|^H 



SLR ^*<H wl*>^ #al s!]E4 ms|^o1 §joi pi^i ^sfl ^ ^.tq- 21 

BLR ^<HH a>-§-£1^ WSMefl^H ^E)^- tf-fM* ^ 

i^E] (Foster )^1 W "*H2Afltfl 193nm BLR elH i 2= ["Second Generation 193nm 
Bi layer Resist", Proc. SPIE, Vol. 3678, pp. 1034-1039, 1999]"°1M ^^i 1 ^! 



^7l ^HH^^H 3»i*l) S-i^l (monomer)^ Si-O-Si -f s)7> €■ 




<6> 
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«>^W. ^v|, ^e]€-^r (hydrophobic ty)^§- SHr*}. , s)-^ 

ssf ^o] «.3i)7l- -E(bulky) -t^-7l» -#7l 3*l*fl 5-^^ ^-§- 

3:^^ ^S. o] t^c*) ^l^ol(hydrophillic) ^B^^^ 

(adhesion) iE^ (wettability)°l ^SiTfl ^4. o]^ *fl^-S.(resolut ion)* 

<8> hJ-EM, Aj-7] *fl^^>7l 1^ 71^^ 4*f|fe Ti^^Z]- 

SB^^Hl M -?-^tr ^^R3* ^ BLR ^ 
-g- j7£.7> ^ oj^- oj-g-^ eflxliH 31 

1 2.^, x\) 2 2.^*1, ^^13 3-±v\3, o)^.o] <5}7l sj-tH 1^ ^p-S* 

<10> <2}-^}-Al 1;> 



<11> 




,Si Si, 
/\ A 
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4>7l 444 lofl^l ^-71 4 i S.^o} Rl ^7) 4 3 3.^0} R 3 ^ 

(alkyl group)*}, <#7] 1 2.2^4^ R 2 ^ ^(hydrogen), <£zl(alkyl)7l , <gm\ 
(alkoxy)7l, ^ 7>s ^.^( carbonyl ) 7 )g_ 0)^0]^]^ n-g-ofljq 4^5^ ^VM-ojcf. 4-7I 
4 1 S-i^^ 1 vfl^l 4^ ^^ol^ ; m /( m+n +p)= 0.1-0.4, n/(m+n+p)= 0.1-0.5, 
p/(m+n+p)= 0.1-0. 4^14. ^7] JL-g-4^ 4^ ^^7>^ 4^44711^ 

3,000-100,000ol 4. #7l 3*44 lofl &44,.^7l 4 1 2i^^Sl R x ^ 47I ^ 3 

R 3 ^ 4^*144^ ^(Hydrogen) SE^r *ll fi (methyl )7l 4. 4-7I 3|-44 14 $U 
4?1 4 1 £.^43 R2 - ^s.Al( m ethoxy)7l 2.^ 4 ^-4 (ethoxy)7l <Q ^ , 
44^4?1) : & ^(hydrogen) °1 4. 

#7l 444 1^1 4^- 444 -H^-44 5E4€ 4?1 4 1^42 £.^41-8: *114 
=.7l(-0-)l- 5, V 7H1 4^40)4 4^4^ 4^ ^4^°1 a 4 -H^ 44°fl 

4444<H1 44 444 ^4. 44 ji§7H1 4 3 £^4^ 4s-l-g-44 

7l(4i(BeHl , i4li) 7 ]; bis(trimethylsilyl) propyl group)* ^4 

4. 4ef4 44 44 44* 3711 ^=4 4*1 ^ &4. 24 44 4^4 jl&*M 4*fl 

£-4^-|- 4444 44 4 3 £^44 4^M 7V 4 4 n ti4°ti4 -gr*U44 ==T 

^s. 4^-44. 444, #4 *ll 3£i^4 : b 71- s 44 7I1- 4434 ^44 
^4^-4 ^4 4-4 444 ^4^ ^44^1 4 -§-*11€4. 

4^4 4 4eJH 4 = 4, 471 444 Ji^Kr 44 444 H X44 44 

4 1, 4 2 ^ 4 3 ££4 (monomer) #4 4 4 ££4S 4 J i L 4 ; S *r &4. 44 4 
££4^ 4^1sll4S.(acrylate), 4l4^1i2ll4B(methacrylate) , ^HfsqBl 
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(acrylonitrile), ^]B(-3.^S.^H^(methacrylonitr i le) , ^=-^.=.idl(norbornene) , ^ 
— ^ ^l(styrene)— 5- °l^-<H*lfe ^-f-^H ^ ZL ^S)^ i^s] -fti 

*\}3. o]^-^^]cf. o]^, 3 JEic^fe #7l Jl£-7}^ 5~30^^%olcf. #7] 

*H 4 ^-71 ^11 ^^12 ^(hydrophobic) #7] 

<15> -& CfS. ^ofl Oj-H^, #7HH 3^ 37fl^ S-i^"* 47flS] £t 

^tS. ol^-^^l^ #^M3 -H^r^r ^Klr^-M (Photo acid generator, PAG)# 5L^*Rr 
31*1 ^^-trcf. #7] ^7} JL^x}°) 1.0-15.0^8* 

3. Str^^h #7] ^H^^^fe Bs]o>^#S-H" ^(triarylsulfonium salts) £^ 

^(diaryliodonium salts) ?fl^-o_S. ^^H, Wr^^l^ H^sfl^i 
w B^#3MH(triphenylsulfonium triflate), ^ ^ °1 ^.S.^ H^#e1]°lH 
(diphenyliodonium triflate), ^-t-^-'M'dal-S.IE-E- HB]l-eflo]E 

(di-t-butylpheyliodoniun trif late)A3. °1 . 
<ie> . ^7} efl^l^H S^^-^r ^7l^7"h^(base additive)* c| iff ^ Xl-^ , °H 

#7] ^7]^7Hl^ A o V 7l #^M3 0.01-2.0 f^%5. S^r^M «>^*>7fl^- -fi-7l 

3*> '^(organic tertiary amine)°-5. °l-f-<H^li=r. 

<17> ^ofl ^ jitf vfl^ Cf-g-o] ^^o} ^v£ofl ^Alofl# 

^^*>S), ^71^1 7l*fl£M 8>^ xfl-g-^ ol 7l#^o>6flAi 7>ol^ 71^^ 

<18> (^ofl 1) 
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<20> 



o 

(i) (id rS 

-Si Si. 
<f\ A 

(III) 



rS 

"A A- 

(IV) 

<2i> s.^ 3 oil 3,4-^§l^S.-2H-^^(I, 3,4-dihydro-2H-pyran) 0.85g(10mmol )4 

^IISKKII, maleic anhydride) l.Og(lOmraol) , n^JL «1 nflE)- 
31NHBOII, bis(trimethylsilyl)propyl methacrylate) 5.5g(20mmol)l- oj-ataj^ol 
(azobisisobutyronitrile; AIBN) 0. 13g(2mol%)^ ^] ^ ^h^H 
^S-^f^Ctetrahydrofuran, THF) 8g°fl -g-^fl^l^cf. 7}if ^7>^ 

(degassing)* ^ltr^, 65 1 ^rH^H 20*1^ ^gS. f^l^tf. f^o] * , 

#-§-#■§: ° a v #(isopropyl alcohol H*l 33*1^. 49^€ 3 

^-8-, 4*1 tr^ ^ THF°fl ^<^1 i^s^: ^^(n-hexane)^l 

*\ *B3*l* 4^-, 50 ^-^H 24*1 # ^S. 3 2^1^ tiV-S-^ 

^•i-(IV)* £-£]*}£ tf(^i-: 60%). oH, <£<H*1 ^^#(IV)^ ^ ^-g-*f^ 
8,7000] 5a^, ^SC^^^^/^r^^^, dispersity)^ 1.9^1 ^cf. 
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<22> 



°1 #*>*1 nJ-eH, ^"71 uL$*H &<H*1 3#*fl S.^ (monomer)^ 

«!#-§■ ^ ^ #2fl^ tJ-rf ^ 91°] ^ 



*r 5U*=K 3,4-^^l^-2H-3il?l-(I) 2f 



<23> 



(^<H1 2) 



<24> 



m 




AIBN 
1 

THF 



(V) 



(ID 



O v o ' 0 



O 

'A' ft 
(in) 



O 

*7\ A 



(VI) 



<25> 2,3-^*>o1h.S.-2H-^^(V, 2,3-Dihydro-2H-furan) 0.70g(10mmol)3f ^ 

t~ ^l^OD l.Og(lOmmol), n^JL °flE}-3. i ii3HB(III) 
5.5g(20mmol)l- AIBN 0. 13g(2mol%)^ ^1 ^ THF 8g<H] ^ t}~%. , ^ofl in}- ^ 

f^*H al€-*KVI)* ^^4(^#: 60%). Jl^XVDS] 
^-g-*H^ 7 ,600^1 ^Jl, -g-^5L^r 1.9ol^4. 
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<26> 



(^"M 3) 



<27> 



m 



AIBN 
THF 



O 




O 




(VIII) 



4,5-tq*>ol=.5.-2-tijl^^^:(VII, 4,5-Dihydro-2-methylfuran) 0.84g( 
lOmmol)^ ^ tefl^^ClI) l.Og(lOmmol) , zlb)5L a]^(Bel^l^^^)H5.€ nfl^H^ 
5)1^1^(111) 5.5g(20mmol)» AIBN 0. 13g(2mol%)5q- f-^ll -¥-^r THF 8g<^l ^ cj-g-, ^ 
^l 1^- ^ H J-^-°S ^^>(VIII)» 55%). °H, ^£ Jl£ 

^(VIII)^ ^^^^>^ 7,100^1^^1, 2.0°15^. 



<29> 



(^°)1 4) 
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<3i> s-^^oil 3 , 4-t^| *>o] = fi-2H-s] ^-2-$l ( IX , 

I 

3,4-Dihydro-6-methyl-2H-pyran-2-one) l.lg(10mmol)4 ^I^14KII) 
l.Og(lOmmol), wl^CBeHIL^lfDHS.^ t^HINHH 5. 5g(20mmol )* AIBN 

0.13g(2mol%)Sf Uttfl ^ THF 8g*fl ^91 chg-, ^ <^ 14 ^Sr y o v ^^-S. JL 

£-*KX)» <2&i=K^#: 50%). olnfl, Jl£-*KX)^ sg-g-g-*}^ 7,0000^ 
Jl, ^SL^r 2.0^1^4. 

<32> (^ofl 5) 
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<33> 




(XII) 



f5}iHl 3 ( 4-^^>ol c S _ 2 -o]]s.Al-2H-5q <&(X1, 3,4-Dihydro-2-ethoxy-2H-pyran) 
1.3g( lOmmol)^ ^ ^efl^KH) l.Og(lOmmol), H^Jl + *\] 
^H^HBOII) 5.5g(20mmol)# AIBN 0. 13g(2mol%)^ ^ THF 8g<^] ^91 cf-g-, 

l^f ^ «o v ^A^ -H^KXII)!- 60%). o^, Ag^^ ^ 

^XXII)^ ^ 8,300°] ^5L±r 2.0°1&4. 

6) 
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<36> 



m 



(XIII) 



(II) 



(XIV) 



AIBN 

1 

THF 



o 

rS 

(no 



.Si Si 

-7A /\ v 



(XV) 



<37> 



f-^H^l 3,4-c]*l-olS.S.-2H-s1^-(XIII f 3,4-dihydro-2H-pyran) 0.85g(10mmol )4 
^SMKII) l.Og(lOmmol), ZLZ)J1 ^sjis^](xiv) 0.5g(5mmol )^ «li(H2H 



li^li)^.^ ^lEfa^eflolHdll) 5.5g(20mmol)# AIBN 0. 15g(2mol%)^- fl-*H 



THF 



8g^l 3. c]~g-, ^4i7>il- ol-g-sfl t^7Hi (degassing)* ^^1*V ^f, 65°C £r 

5L*1H <* 20^1 # 7$5L f^l^cf. f^oj ^ ^, = 

^^M^. *8^& ^}##* ^ cf-g-, cfAl ^3^#* ^tg-^o) THF 

oil -^<*H ^5^-^A>ofl^ 7fl^^* AjfJ c^g-, 31*IM- 50°C^ ^^M-o^ 24*)?} 
^S. Jl^XXV)!- 60%). °H ^€ Jl^XXV)^ ^ 

8,100ol^JL, ^S.^ 1.9ol^cf. 



<38> 



<39> 



(^Hl 1) 
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<40> ^d\] io\]x\ JL^V lg# Be)€3HH 

(triphenylsulfonium triflate, TPSOTf) 0.02g^- 1M1 ^lti <H] efl s. of 

^l3MB(propylene glycol methyl ether acetate, PGMEA) 10g°fl ^91 B 
5^1^1i<4^(triisobutylamine) lmg-8: ^<>M Sr^l ^<*| sfl^liH -g-^* ^*r£ 
.4. =L 0.2pm ^ ^ (membrane filter)-!- °l-§-*fl 5l]^liB -g-°-3* ^£4-. #7] efl 
*1^B -g-^* ^r^fL^^l^Chexamethyldisilazane, HMDS) *M* tr «1H 
7l^r(bare Si wafer H 2j= 0.25pm ia^tr 3, 120°C ^r^H 902: ^S. H^yfl 

oRKpre-baking)^- ^l^cj. o. ArF stepper (0.6NA, o 0.75)# °l-g-^H 
*}$H=r. 120°C -SrS^l^i 60^ PEB(post-exposure bake) ^Itr 4 

2.38 EflBHf^l^^S.M^- *l^-^H^(tetramethyl ammonium hydroxide, 

TMAH) -g-^M 603L?> ^-S-tr ^4, 15mJ/cm 2 IE2l<*IM ?fl3*tr 160nm L/S^ sfl^^ ^-o] 
* *r 54 $34. 

<4i> tiV-g-^cfl^ «V^tr ^<H1 H tc)-Br ^€ 3^ ^^l<y 

<42> <a>-§-^> 
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<43> 




t* ( o X0 o.c -ft 




OH 



<44> ^-71 ^>7l ^ 71^71 ol^Sl JIL-g-*}^ ^-2- ^M?} 

*}tt ^-n-7l7> ^^JI ^l^o] 7]- = 4^7] (Car boxy 1 group) °] ^ 

<45> 4>7l ^ iMeflxl^H-§- Jl^-7> 3? ^>7l sIIxIae 248nm^ KrF, 

193nm^ ArF ^ 157nm^1 F2 3M*1# °]-§-^rfe BLR ^l^^^H 

<46> (-g^H 2) 

<47> ^Al^oflA^ ^cfl loflAi JL«-7.>1- S^SHr efl^^E 3.^3. 

* BLR ^-¥- i£el]7lAE S A>.g-^ ofl-g- iL°lJl*} *Vcf. 

<48> 3000 A 51 ^^H&tt ^el€- 7|ti i-line E^liBt 500nm 

nf^-, 220 °C ^5.3. ^el# *M 1*1H 

31, z\)2ig. efl^l^H ^ 250nm #7] S^b]- #ofl s^tr^f. ^ ^-g-, 
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120M*! 902: HeHH^Kpre-baking)^: ^a]^ #j=l i£ejl^iB» ^fb4 

. ArF stepper (0.6NA, o0.75)# °l-§-*H 120 0 C^1^1 602: PEB* -^a]^ 

cf. zle\5L, 2.38^%^ TMAH -§-^.2.3. ^aJ-^ji, HOt^H 60s ^9} 
PDB( post -development bake)!- ^a]sH ^tr^f. 

* ^l^^tf. ^€ 4^ ^3.5. °]-g-*}JI CF 4 2) #B|-^>1- ^t^H 

*HM ^Sr°Hl rflsfl £ai a]z|- ^-8: aJa^o} 

^-i:*- ^ ^ 5^ vfl>8£- ^-a]^ 

^ $14. £t ^"71 ^-^-Aj JL«-7H1 tflSfl i^t^-a- ^A]^ Aj-7) ^1 3 JL^oflAi 
^-n-7l7> X\)7]S)jl f}^.^7}7} ^"71 Jl^-7>^ ^^-oM^ *V 
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1] 

XI 1 3-±v] , Xl 2 3-±v] , ^ XI 3 o]^-<H^lfe *>7l 12] f£f 

<3^Xj 1> 



aJ-«H| loflA-l ^71 X] 1 £H$] R x ^ ^-71 Xl 3 5.2x^3 <y-^ 7l 
(alkyl group) °]JL, 

^7} Xl 1 S-ic^S] R 2 xr ^(hydrogen), &^(alkyl)7l , ( a lkoxy)7l , * 

n^-^-^C car bony l)7j5- afoj^ #3)5^ *K*°H , 

m/(m+n+p)= 0.1-0.4, n/(m+n+p)= 0.1-0.5, p/(m+n+p)= 0.1-0.4^1 33 # 
2] 

X] 1 %H1 5£°H, 

#71 *g««-*>W: 3,000-100,000°] ^-^ # 




„Si Si, 

/\ A 
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3] 

Xl 1 %H1 5a°H, 

#7) SJ-«M ^7} Xl 1 J2.idX3 Rl g ^-7] XI 3 5.2x^3 R 3 ^ 

^(Hydrogen) *fl^ (methyl )7l°I 3J.fr ^ j7«-^>. 

4] 

X] 1 *oHl 

^-7] Sl-flH lofl 5a<H^, XI 1 R 2 7f ofl^-Al( m ethoxy)7l 

(ethoxy)7l<y ^ Jl^V. 

1 51 

XI 1 %H1 5U°H, 

A o v 7l 3^-*H aJ- 7 } XI 1, XI 2 ^ XI 3 (monomer)!- 4 Xl 4 2.^' 

t^S. °l^<X*m ##Aj ^7>>S.Ai, 

#7l XI 4 2.2^^ °}3€sflolH(acrylate) > ^Eka^^MHCmethacrylate) , <^>3. 
ll^MBIiUcrylonitrile), X]E}3.^S.MB^(methacryl onitrile), V 5 !! 5 ^ 
(norbornene) , ^ ^ 3K s tyrene)2-5. o]=-<X^)^ nf-^l^i ^ en £) ^ sfuf ^ ^ 

^£]^r -H-SXlS 3* ^H}2.5L *Rr #^<3 ^7>. 

6] 

XI 5 *M 91°]*], 

^7} XI 3 ^-71 5~ 30 ^^:%ol ^ s.^ ^ 
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7] 

*ll l ^ ifl^l *\] 6 ^ <=>]:=. *Hf^ ^o\}*] %<i\& ai£-*><4- #^^1 

(Photo acid generator, PAG)» 5L^>^- Bfl*]^B 
[37*8- 8] 

*n 7 %hi sa°i^, 

^^JMlfe ^-71 1.0-15. 0f^%3. 5L^-51^ l^r^SLS. Z}±r 

*« 7 %hi si^h. 

^HMallfe- He)<>rli#3&-B- ^(triarylsulfonium salts) Sfe c]o>^o]^.£ 
^(diaryliodonium salts) AS a]-f-<H*lfe ^-J-g- ^lo^ s}^ ell*l>iH 
13^8- 10] 

^1 7 %Vofl oio^, 

#7] ^r^Mir BB]5)1^#5L^- Hs11-efl^H(triphenylsulfonium triflate), 
r^l^ol^c - e^l-el]olH(diphenyliodonium triflate), iE^ ^-t-*i Ll gBil 1 d°l SlZ.^ 
-^^#5ll°lB(di-t-butylpheyliodoniun tri f late)°-3. o|^o|^l^ % °- ^ 

11] 

^7l^7>^j| (base additive)!- ^ 5L^-s}^ ^ 
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12] 

*H 11 *<H sa°H. 

^7] ^7>*fl£r #7] 0.01-2.0 #^=%S ^ 
13] 

4>7l ^7l ^7>^]^ -fj-7] 3*} ^(organic tertiary amine)^^. ol^-^^l^ Sj-^f- 
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